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(57) Abstract 



A helper ceil and helped gene sequence combination for producing replication-defective self-inactivating, retroviral vectors 
is disclosed. The combination comprises a host cell, a first retrovirus helper gene sequence in the cell, and a second retrovirus 
helped gene sequence in the cell. The helper gene sequence has a helper region coding for a retrovirus virion protein. The helped 
gene sequence has a defective 3' U3 region rendering that U3 region incapable of promoting transcription, and further has a de- 
fective helped portion which would have rendered the cell unable to form the infectious viral vector which the helped gene se- 
quence codes for if the virion protein had not been supplied from expression of the first retrovirus helper region. Thus, the helper 
cell produces infectious virions containing a transcript of the second retrovirus helped gene sequence with the virion protein ex- 
pressed by the first retrovirus helper gene sequence. The defective 3' U3 region is transferred into the 5' end of provirai DNA 
formed when the infectious virions infect a target cell, rendering the provirai DNA incapable of forming a complete transcript 
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SELF- IN ACTIVATING, REPLICATION DEFECTIVE , RETROVIRAL 
VECTORS AND HELPER CELLS FOR PRODUCING THE SAME 

Technical Field 

This invention generally relates to helper cells 
useful for producing retroviral gene transfer vectors. More 
particularly/ this invention relates to the production of 
replication-defective/ sel f-inactiva ting / retroviral vectors. 

Background of the Invention 

Retroviruses are viral particles which carry a 
single strand of RNA, which form DNA from this RN A through 
the action of reverse transcriptase in a host cell/ and 
which integrate this DNA into the chromosomal DNA of a host 
celL to form a provirus therein. See Varmus/ H., 
Retroviruses/ Science 240 / 1427 (1988). Considerable 
interest has focused on the use of retroviruses as gene 
transfer vectors. See generally 2 RNA Tumor Viruses/ 36-73 
{ R . Weiss, N. Teich, H. Varmus and J. Coffin 2d ed. 1905). 
Replication-defective retroviruses are of particular 
interest as retroviral vectors because they should 
ordinarily be unable to form new viral particles in a host 
cell. Such replication-defective retroviruses are, 
therefore/ produced in special helper cells. Id^. at 60-61. 

U.S. Patent No. 4,650,764 to Temin and Watanabe 
discloses a helper cell line/ useful for producing 
replication-defective retroviral vectors/ which contains a 
first retrovirus helper gene sequence and a second 
retrovirus helped gene sequence (the vector coding 
sequence). The helped gene sequence is expressed by the 
helper cells as the retroviral vector, while the helper gene 
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sequence is included to provide one or more viral proteins 
necessary for the production of a virus particle containing 
the helped gene sequence and is not itself packaged into a 
virus particle by the cell. The structural features which 
achieve these results are a defect in the encapsida t ion 
portion of the helper gene sequence and a defect in the 
protein coding portion of the helped gene sequence. The 
hypothesis underlying the Temin patent is that, because of 
the defect in the protein coding portion of the helped 
(vector) gene sequence, vectors produced by the helper cell 
are unable to replicate in cells which they infect. The 
defective encapsida t ion portion of the helper gene sequence, 
on the other hand, is intended to preclude RNA transcripts 
of the helper gene sequence from being themselves packaged 
into the viral particles. 

The helper cell— vector system described by Temin 
and Watanabe has a number of disadvantages, foremost being 
the production of significant amounts of replication- 
competent recombinant virus. See Hu, S. et al., V i rolog y 
159 , 446 ( 1987). In reporting on this problem, Hu et al. 
concluded that "deletion of the packaging sequence alone is 
not sufficient to prevent viral replication and subsequent 
genetic recombination. " JEd_. at 449. Hu et al. make no 
suggestion on how this recombination problem might be solved. 

Contamination by replication-competent recombinant 
virus poses a severe limitation to the use of retroviruses 
as commercial gene transfer vectors. This is primarily due 
to the pathogenesis (or potential pathogenesis) of 
replication-competent virus. In addition, vector sequences 
containing viral regulatory sequences are undesirable in 
host cells, as they may cause inappropriate expression of 
the transferred gene or inappropriate regulation of host 
genes at the site of insertion. It is also possible that 
vector sequences that are capable of producing a complete 
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vector transcript in host cells may recombine with wild-type 
exogenous virus, which may present biological hazards or 
other problems. 

An object of the present invention is, accordingly, 
to resolve the recombination problems inherent in the Temin 
and Watanabe technology discussed above. Other objects and 
advantages of the present invention are explained in the 
specification which follows. 

Summary of the Invention 
A helper cell comprising a host cell, a first 
retrovirus helper gene sequence in the host cell, and a 
second retrovirus helped gene sequence in the cell is 
disclosed. The first retrovirus helper gene sequence, has a 
helper region coding for a retrovirus virion protein. The 
second retrovirus helped gene sequence has a defective 3' U3 
region which renders that U3 region incapable of promoting 
transcription, and has a defective helped portion which . 
would have rendered the cell unable to form the infectious 
viral vector which the helped gene sequence codes for if 
suitable virion protein had not been supplied from 
expression . of the first retrovirus helper region. The 
helper cell produces infectious virions containing a 
transcript of the helped gene sequence and incorporating the 
virion protein expressed by the helper gene sequence. The 
defective 3* U3 region of the helped gene sequence is 
transferred to the 5 1 end of proviral DNA formed when said 
infectious virions infect a target cell, rendering the 
proviral DNA incapable of forming a complete transcript 
t; he re of in a target cell. 

In a preferred embodiment of the present invention, 
the first retrovirus helper gene sequence has a defective 5' 
and a defective 3' U3 region rendering both of the U3 
regions incapable of promoting transcription, and the second 
retrovirus helped gene sequence has a defective 5' U3 region 
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rendering the 5' U3 region incapable of promoting 
transcription. In this preferred embodiment/ the helper 
cell further comprises a first heterologous promoter 
operative in the host cell and a second heterologous 
promoter operative in the host cell. The first tie te ro 1 og ou s 
promoter is positioned, in the first retrovirus helper gene 
sequence upstream of the helper region and operatively 
associated therewith, so that the retrovirus virion protein 
coded for by the helper gene sequence is produced in the 
host cell. The second heterologous promoter is positioned 
m the second retrovirus helped gene sequence upstream of 
the 5* U5 region of the helped gene sequence and operatively 
associated therewith, so that a transcript of the second 
retrovirus helped gene sequence competent to integrate into 
the genome of a target cell to be transformed is produced in 
the host eel 1 . 

Helper cells of the present invention are used to 
produce replication defective, self-inactivating, retroviral 
vectors. Such vectors comprise an infectious virion 
containing a retrovirus gene sequence. The retrovirus gene 
sequence has a defective 3' U3 region rendering the U3 
region incapable of promoting transcription, and has a 
defective retrovirus virion protein coding portion which 
renders the retrovirus gene sequence unable to form the 
infectious virion in a host cell if suitable virion protein 
had not been supplied from another source. 

In overview, when the helper sequence does not 
contain any operative U3 regions and the helped sequence 
does not contain any operative U3 regions, no replication 
competent retrovirus can be generated by recomb i na t iona 1 
events in the helper cell or in the target cell. This 
eliminates the production of replication-competent virus in 
the helper cell system. 

The defective U3 region in the helped gene sequence 
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advantageously produces a vector that self-inactivates upon 
eiitry into the target cell chromosome. The term 
u se i f-inac ti va ting " was coined by Yu, S.-F. et al., 
Sel f-inactiva ting retroviral vector designed for transfer of 
whole gene into mammalian cells/ Proc. Natl. Acad, Sci. USA 
83/ 3194-3198 (1988). Sel f-inactiva tion resulting from the 
inactivation of the 3' U3 region (which would ordinarily 
serve as the template for the 5' U3 region when the 
retrovirus integrates as a provirus into a target celL 
chromosome) eliminates the possibility of the target cell 
producing a vector RNA transcript; i.e., expression of the 
complete viral sequence in the target cell following 
infection with vector virus is blocked. This eliminates the 
problems of interference of regulation of transferred genes, 
activation of host genes by inserted vector regulatory 
sequences, and recombination with wild-type virus. However, 
in practice this se 1 f- ina c t i va t i on feature is difficult to 
accomplish with a vector containing an operable 5' U3 
region because/ when vector DMA containing an operable 5' U3 
region is introduced into the helper cell, recombination 
occurs between the 5' and 3' LTR , the 3 1 LTR U3 sequence is 
regenerated/ and the se 1 f- i na c t i va t i ng feature is lost. 
Replacement of the 5' viral regulatory region with a 
heterologous promoter and enhancer eliminates this problem. 
However/ there is potential for recombination in the helper 
cells if the viral regulatory region is present. This 
problem is in turn obviated by rendering the 5' and 3* U3 
regions defective in the helper gene sequence and replacing 
the 5 1 U3 region of the helper gene sequence with a 
heterologous promoter. While Yu, S--F. et al. , supra , 
suggest rendering the 3' U3 region defective in the proviral 
transcript of a replication competent retroviral vector, 
they do not suggest incorporating this feature in a 
replication defective retrovirus, do not suggest rendering 
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the 5* U3 region of 'the vector proviral sequence defective 
Co prevent regeneration of the 3* U3 region through 
recornbina tion , do not suggest deleting the 5* and 3' U3 
regions of a helper gene sequence to prevent loss of the 
sel f-inacti va tion feature through recornbina tion in a helper 
cell, and do not suggest providing a heterologous promoter 
on a helped gene sequence and on a helper gene sequence once 
the 5' U3 regions of these sequences have been rendered 
de f ec ti ve • 

The present invention is more fully explained in 
the drawings, detailed description, and examples which 
follow. These materials are, however, provided to 
illustrate various preferred embodiments of the present 
invention, and are not to be taken as restrictive thereof. 
Brief Description of the Drawings 

Figure 1 schematically depicts a proviral 
transcript of a first retrovirus helper gene sequence and a 
proviral transcript of a second retrovirus helped (or 
"vector") gene sequence of the present invention. 

Figure 2 schematically depicts the construction of 
PSV2-SNV-2, a helper plasmid carrying a proviral transcript 
of a first retrovirus helper gene sequence of the present 
invention; ^ 

Figures 3A-3C schematically depict the construction 
of pVKTR-l, a vector plasmid containing a proviral 
transcript of a second retrovirus helped gene sequence of 
the present invention; 

Figure 4 schematically depicts the construction of 
pVKTR-2, an alternative vector plasmid construction to the 
vector plasmid construction shown in Figures 3A-3C above. 
Detailed Description of the Preferred Embodiments 

The first retrovirus helper gene sequence and the 
second retrovirus helped gene sequence of the present 
invention may be produced from any retrovirus through known 
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genetic engineering techniques. Retroviruses useful for 
practicing the present invention include all members of the 
Re trovi ridae virus family/ encompassing all viruses 
containing an RNA genome and an RNA-dependen t DNA 
polymerase. See generally 1 RNA Tumor Viruses/ 25 et seq. 
(R. Weiss, N. Teich, H . Varmus and J. Coffin 2d ed. 1984 ). 
The genomes of all replication-competent retroviruses 
contain three genes encoding the virion proteins: gag codes 
for internal structural proteins, pol codes for reverse 
transcriptase; env codes for the envelope proteins. 
Examples of members of the Re trov i ridae family include fish 
C-type retroviruses, snake C-type retroviruses, avian 
retroviruses, murine leukemia viruses, rat C-type 

tree mouse C-type retroviruses, hamster C-type 
guinea pig D-type retroviruses, Agonti C-type 
rabbit C-type particles, feline C-type 
mink C-type retroviruses, porcine C-type 
deer C-type retroviruses, horse C-type 
bovine C-type retroviruses, sheep C-type 
and primate retroviruses (e.g., prosimian 
C-type retrovirus, owl monkey C-type retrovirus, 
Mason-Pfizer monkey D-type retrovirus, Langmur D-type 
retrovirus). Preferred are the re t i cu loe ndo t he 1 i i s 
retroviruses and the murine leukemia viruses- More 
preferred are the re t i cu loe ndo t he 1 iosi s viruses, including 
re ticuloendo thel iosis virus strain T ( REV-T ) , 
re ticuloendotheliosis- associated virus (REV-A), duck 
infectious anemia virus (DIAV), Trager duck spleen necrosis 
virus (SNV), and chick syncytial virus (CSV). Most 
preferred is the SNV. These viruses are set forth for 
illustrative purposes only, as other retroviruses are known 
to those skilled in the art. See , e.g. , 2 RNA Tumor 
Viruses, supra at 1 e_t seq . Those skilled in the art will 
appreciate that derivatives of retroviruses (e.g., viruses 
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in which the RNA genome has had segments deleted, segments 
inserted, or both segments deleted and segments inserted) 
are useful in the present invention, either directly or 
after further modification thereof. 

The retrovirus from which the first retrovirus 
helper gene sequence and the second retrovirus helped gene 
sequence are constructed are selected to produce, in a host 
cell, a virion which will infect the target cell or celLs 
which it is desired to transform. The term "transform," as 
used herein, means the insertion of exogenous genetic 
material into a target cell, preferably into the chromosomal 
DNA thereof, and not the oncogenic transformation of the 
target cell into a tumor cell line. This selection can be 
based on the known patterns of infectivity of the 
retroviruses. See , e.g. , 1 RNA Tumor Viruses, supra . 
Selection of the host cell can likewise be based on the 
known host ranges of the retroviruses. Preferred host cells 
are D17 dog cells, which are available from the American 
Type Culture Collection in Rockville, Maryland, USA. 

The first and second heterologous promoters may be 
any promoter operable in the host cell, with the 
heterologous promoter being used in place of the defective 
5 1 U3 promoters so that an operable 3 1 promoter will not be 
produced from the 5' promoter through a recombination event 
and the se 1 f- i nac t i va i on feature of the present invention 
lost. Eukaryotic promoters are usually characterized by two 
conserved sequences of nucleotides whose locations and 
structural similarity to prokaryotic promoter sequences 
(Breathnach & Chambon, Ann. Rev. Biochem. 50, 349-383 
(1981)) suggest i.nvolvement in the promotion of 
transcription. The first is a sequence rich in the nucleic 
acids adenine and thymine (the Goldbe rg-Hog ne ss , "TATA," or 

AT A M box) which is located 20-30 base pairs upstream from 
the RNA initiation site (the cap site which is the 



>..;/tJ2797 



PCT/US89/03y64 



-9- 

transcciptional start site for the RNA transcript) and is 
characterized by a concensus sequence ( 5 1 -TATAA-ATA-3 1 ) . 
The second region is the CCAAT box (Efstratiadis/ et al./ 
Ceil 21, 653-668 (1980)), which is located 70-90 base pairs 
upstream from the cap site of some genes and has the 
canonical sequence 5 ' -GG ( C/T ) C A ATCT-3 ' (Benoist, et al., 
Nucleic Acids Res. 8, 127-142 (1980)), The development of 
techniques for removing and altering these sequences (Nathan 
and Smith, Ann. Rev. Biochem. 44, 274-293 (1975); Weber, et 
al., In: D. D. Brown and C. F. Fox (Eds.), Develomental 
Biology Using Purified Genes, ICN-UCLA Symposium on 
Molecular and Cellular Biology (New York, Academic Press, 
1901), pp. 367-385) has made it possible to separate genes 
from their promoter regions or portions thereof in order to 
study their function in heterologous biological systems. 
Exemplary heterologous promoters for use in practicing the 
present invention include the SV40 promoter, the bovine 
papilloma virus promoter, the vaccinia virus promoter, and 
che mouse me ta 1 lo t hione i n I gene promoter. 

Considerations in designing the defective helped 
portion of the second retrovirus helped gene sequence, and 
the corresponding helper portion (coding for a retrovirus 
virion protein) of the first retrovirus helper gene 
sequence, are known to those skilled in the art- See, for 
example, the disclosure of U.S. Patent No. 4,650,764 to 
Temin and Watanabe, titled "Helper Cell" and issued on 17 
March 1987, the disclosure of which is to be incorporated 
herein by reference. 

The second retrovirus helped gene sequence should 
have an operable encap sida t ion sequence to facilitate the 
e neap sida tion thereof into virion particles. The first 
retrovirus helper gene sequence may have either a defective 
e neap sida tion sequence, as described in U.S. Patent No. 
4,650,764 to Temin and Watanabe, or may have an operable 
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encapsidation sequence. When the first retrovirus helper 
gene sequence has an operable encapsida t ion sequence some 
RNA transcripts thereof will be encapsidated into the 
infectious virions produced by the helper cell, but when 
this sequence also has defective 3* and 5 1 U3 regions it 
will also be incapable of forming replication-competent 
virus. Hence, inclusion of the helper gene sequence in the 
virion vector product of the helper cells of the present 
invention will have no substantial deleterious effect other 
than a proportional dilution of the quantity of the second 
retroviral helped gene sequence therein. Preferably, the 
L.TR regions of the first • retroviral helper gene sequence are 
rendered defective to integrate the helper gene sequence 
into the chromosomal DNA of target cells. See 2 RNA Tumor 
Viruses, supra , at 87 (The integrative mechanism appears to 
act on circular DNA in response to a signal that includes 
little more than the inverted repeats positioned as they 
exist in circles with two LTRs. ). 

The second retrovirus helped gene sequence 
preferably has inserted therein a heterologous sequence to 
be integrated into the chromosomal DNA of target cells. 
Preferably, this heterologous sequence comprises a promoter 
sequence and a coding sequence positioned downstream of the 
promoter sequence and operationally associated therewith. 
The promoter sequence is selected to be operational in the 
target cell. The coding sequence codes for the production 
of a protein, or polypeptide fragment thereof, the 
expression of which is desired in the target cell to be 
transformed. Accordingly, the heterologous sequence also 
includes a ribosomal binding sequence operable in the target 
cell positioned downstream of the promoter sequence, 
immediately upstream of the coding sequence, and 
operationally associated "with the coding sequence. 

Target cells to be transformed by vectors of the 
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present invention are eukaryotic cells {e.g., fish/ reptile, 
bird, mammal). The cells may be transformed in vitro or in_ 
vivo. An exemplary method of transforming target cells with 
vectors of the present invention is disclosed in U.S. Patent 
application Serial No. 07/176/067, filed 31 March 1988, 
titled "Gene Transfer into Mammalian Animals with 'Avian 
Retroviral Vectors," the disclosure of which is to be 
incorporated herein by reference. 

EXAMPLE 1 
Construction of Helper Plasmid 
A helper plasmid is derived from an SV40 expression 
vector as shown in Figure 2. The vector pSV? ca t is first 
digested with the restriction enzymes Hind III and Hpa I to 
remove (deletion = delta) the cliloratnphenicoi 

ace tyl transferase ( ca t ) gene. This digestion leaves intact 
the SV40 promoter and enhancer as well as ttie 

polyadenyla tion signal. An Sst I linker is then inserted in 
place of the ca t gene," the new plasmid being called 
pSV?del ta- ca t . The ca t gene is then replaced with the SNV 
coding region. The plasmid pPUBX (construction described in 
Example 3 below) containing a deleted proviral copy of the 
SNV virus is then digested with Cla I and Bam HI tcrremove 
most of the remaining viral sequences including the LTR. 
The new plasmid pPUBXdelta retains .231 Kb of the 5 % 
untranslated sequence. A 6.9 Kb Sst I fragment from pPBlOl 
containing the viral protein coding region is then inserted 
into the unique Sst I site of pPUBXdelta. This will result 
in a plasmid containing viral sequences, but without the 
LTRs. This new plasmid is then digested with Eco RI and Sal 
I (partial digest) to isolate the fragment containing the 
viral helper sequences which is then inserted into the 
pSV?del ta- ca t plasmid described above. The helper plasmid 
is called pSV2SNV-2 and does not contain the retroviral LTR 
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but does contain the 5 f and 3' noncoding sequences including 
the E region and splice donor. Alternatives include 
elimination of the E region or constructing two helper cell 
sequences: e . g . , one which contains gag and pol and another 
which contains env only. This further helps to preclude 
formation of replication-competent virus. 

EXAMPLE 2 
Construction of Helper Cells 

The transformed dog cell line D17 (obtained from 
ATCC ) is modified such that is contains the helper plasmid 
pSV r 2SNV-2. The resulting cells are called helper cells, as 
they complement the defect in the defective vectors 
described in Examples 3 and 4 below. The helper cells 
produce SNV proteins and package replication-defective SNV 
(or other REV-derived) vectors. 

The helper plasmid pSV2SNV-2 is introduced 
( tra nsfec ted ) into D17 cells along with the selectable 
vector pSVp tieo (containing the neomycin phosphotransferase 
[ neo j gene, which imparts resistance to the antibiotic G418 
in cultured cells) to allow selection of genetically 
eransformed ceils. Individual colonies of cells are 
selected under G418 treatment, grown out, and tested to 
determine if they contain the helper sequences and are 
capable of producing SNV proteins and packaging SNV virus 
vectors. Slot blot and Southern blot analysis are used to 
determine if the modified D17 cells contain the SNV 
sequences, whereas production of viral proteins is 
investigated using S DS -pol ya c ry la rn id e gel electrophoresis 
and western blot analysis. Packaging function is first 
Lested with previously constructed replication-defective SNV 
vectors containing the bacterial marker genes ca t and neo . 
Helper cells are then transfected with vector virus DNA and 
medium collected from the cells is used to infect unmodified 



r:>, 7 



PCi7 03hy/U3vo4 



-13- 

D17 cells and chicken embryo fibroblasts. The presence 
CAT and NEO enzyme activity in infected cells indicates 
the helper cells are functional. 

EX AM PL E 3 
Vector Plasmid Construction 
The vector is engineered from a proviral copy of 
the SNV genome contained in the plasmid pPDlOl (obtained 
from ATCC ) / a pBR322 derivative. The construction requires 
several steps and is diagrammed in Figure 3. pPBlOl is 
first digested with Xba I and Bg 1 II (Step 1) to remove most 
of the viral protein coding region and thus produce a vector 
thac is replication-defective. To facilitate further, 
manipulations/ the deleted proviral genome is subcloned into 
pUCl8 by digestion with Eco RI and Sal i (partial) and the 
new plasmid is called pPUBX. To produce the 

self-inactivating feature of the vector, the 3' U3 region is 
modified to delete the promoter and enhancer but retain the 
sequences required for integration of the virus into the 
host genome as well as the termination signal (Step 2). 
This is accomplished by first subcloning the 3' LTR. pPUBX 
is digested with Bg 1 II and Kpn I and the isolated fragment 
inserted into a modified pUCl8 plasmid where the Sst I site 
has been destroyed. The LTR-con ta i n i ng plasmid, called 
pPsBK, is then digested with Ava I and Sst I to remove the 
promoter and enhancer followed by insertion of a Cla I 
Linker and religation to create a unique cloning site in 
this region for future use. The deleted LTR is then 
inserted into pPUBX by digestion with Avr II and Kpn I to 
produce the plasmid pPUBX-LTR. The final modification to the 
viral sequences occurs at the 5 1 U3 region. The retroviral 
promoter and enhancer are replaced with the SV40 promoter 
and enhancer (Step 3). pSV ?de 1 ta- ca t is digested with Sst 
I and Pvu II to isolate the .340 bp fragment containing the 
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SV40 promoter and enhancer. This fragment is inserted by 
biunt end ligation into the plasmid pPsBK that has been 
digested with Sst I and Ava I to remove the retroviral 
promoter and enhancer. This new plasmid is first modified 
to change the Avr II site to a Cla I site and then digested 
with Cla I and Kpn I to isolate the SV40-LTR hybrid 
fragment/ which is then d i re c t i ona 1 ly cloned into a modified 
pPUBX-LTR plasmid (modification involves digestion with Avr 

II and Kpn I and blunt ligation to destroy the Kpn I site) 
at the 5' end of the vector. The se 1 f- i nac t i va t i on feature 
is then restored by insertion of the Bgl II-Kpn I fragment 
from pPsBkdelta into the final construct called pVKTR. 

To facilitate the production of vector viru3. in 
helper cells, a selectable marker gene is added to the 
vector (Step 4). The hph. gene from the plasmid pSV? hph 
(obtained from P. Berg) is digested with Hind III and Bgl II 
to remove the 1.346 Kb fragment containing the hph gene, 
which is then inserted by blunt end ligation into the Xma 

III site of the pVKTR (final construct called pVKTR-1 ) . The 
hp_h gene is designed to be expressed from the SV40 promoter, 
therefore expression of this gene is also lost in the host 
cell due to se 1 f-inac t i va tion . 

pVKTR-1 has 3 unique cloning sites. The -£ba I and 
Bgl II sites may be used for the insertion of genes to be 
transferred to host genomes and the Cla I site in the 3 1 U3 
region may be used to transfer enhancers or other sequences. 

EXAMPLE 4 

Alternative Vector Plasmid Construction 
An alternative vector further eliminates more of 
the retroviral coding region and adds additional cloning 
sites for the insertion of transferred genes. The basis for 
this construction is the KS+ Bluescript vector (obtained 
from Stratagene Cloning Systems). The SV40-LTR hybrid 
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fraqrnent isolated by digestion with Cla I and Kpn I is 
inserted by blunt end ligation at the Sst I site of KS+. 
The Hind III-Bgl II hph gene fragment is inserted at the F.ag 
I site of KS+. The Avr II-Kpn I fragment containing the 
deleted LTR is inserted into the Kpn I. site. This leaves 
several additional cloning sites available for the insertion 
of genes to be transferred. The construction of this 
alternative vector, pVKTR-2, is shown in Figure 4. 

The foregoing Figures/ Detailed Description and 
Examples are illustrative of the present invention/ and are 
not; no be taken as restrictive thereof. The scope of the 
invention is defined by the following claims/ with 
equivalents of the claims to be included therein. 
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TH AT WHICH IS CLAIMED IS: 



1. A helper cell and helped gene sequence 
combination for producing replication defective, 
se 1 f-inac ti va t ing , re trovira 1 vectors, comprising: 

a host cell ; 

a first retrovirus helper gene sequence in the 
cell, said helper gene sequence having a helper region 
coding for a retrovirus virion protein; and 

a second retrovirus helped gene sequence in the 
cell having a defective 3 1 U3 region rendering said U3 
region incapable of promoting transcription, said helped 
gene sequence further having a defective helped portion 
which would have rendered the cell unable to form the 
infectious viral vector which said helped gene sequence 
codes for if said virion protein had not-been supplied fror 
expression of said first retrovirus helper region; 

said helper cell producing infectious virions 
containing a transcript of said second retrovirus helped 
gene sequence with the virion protein expressed by said 
first retrovirus helper gene sequence; ^. 

and whereby said defective 3 1 U3 region is 
transferred to the 5' end of proviral DNA formed when said 
infectious virions infect a target cell, rendering said 
proviral DNA incapable of forming a complete transcript 
thereof. 
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2. A helper cell as claimed in Claim 1, wherein 
said first retrovirus helper gene sequence has a 

defective 5' and a defective 3' U3 region rendering both of 
said U3 regions incapable of promoting transcription/ and 

w he re i n 

said second retrovirus helped gene sequence has a 
defective 5 1 U3 region rendering said 5' U3 region incapable 
of promoting transcription, said helper cell further 
comp r i si ng ; 

a first heterologous promoter operative in said 
host cell positioned in said first retrovirus helper gene 
sequence upstream of said helper region and opera tively 
associated therewith so that said retrovirus virion protein 
is produced in said host cell; and 

a second heterologous promoter operative in said 
host cell positioned in said second retrovirus helped gene 
sequence upstream of said 5' U5 region of said helped gene 
sequence and operatively associated therewith so that a 
transcript of said second retrovirus helped gene sequence 
competent to integrate into the genome of a cell to be 
transformed is produced in said host cell- 

3. A helper cell as claimed in Claim 2, further 
comprising a heterologous protein coding region inserted in 
said second retrovirus helped gene sequence. 

4. A helper cell as claimed in Claim 2, wherein 
said first and second heterologous promoters are SV40 

p romo tecs. 
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5. A helper cell as claimed in Claim 2, further 
comprising a heterologous termination sequence operative in 
said host cell positioned in said first retrovirus helper 
gene sequence downstream of said helper region and 
operatively associated therewith. 

6. A helper cell as claimed in Claim 5, wherein 
said termination sequence comprises an SV40 termination 
seque nee . 



7. A helper cell subcombination useful for 
producing replication defective, se 1 f-inac t i va t i ng , 
retroviral vectors, comprising: 

a host cell; 

a retrovirus helper gene sequence in the cell 
having a defective 5* and a defective 3 1 U3 region rendering 
both of said (J3 regions incapable of promoting 
transcription, said helper gene sequence having a helper 
region coding for a retrovirus virion protein; and 

a heterologous promoter operative in said host cell 
positioned in said retrovirus helper gene sequence upstream 
of said helper region and operatively associated therewith 
so that said retrovirus virion protein is produced in said 
iiost cell. 
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8. A helper cell as claimed in Claim 7, wherein 
retroviral helper gene sequence is carried by a plasmid. 

9. A gene sequence useful in combination with a 
helper cell for producing replication defective, 

se i f— i nac t i va t i ng , retroviral vectors, comprising: 

a retroviral helped gene sequence having a 
defective 5' and a defective 3* U3 region rendering both of 
said U3 regions incapable of promoting transcription,, said 
helped gene sequence further having a defective helped 
portion which would render a host cell containing said 
sequence unable to form the infectious viral vector which 
the helped gene sequence codes for; and 

a heterologous promoter positioned in said 
retroviral helped gene sequence upstream of the 5 1 U5 region 
of said second retrovirus helped gene sequence and 
operatively associated therewith so that a transcript of 
said second retrovirus helped gene sequence competent to 
integrate into the genome of a cell to be transformed is 
produced in a host cell containing said sequence. 



10 . A 

said retroviral 
p la smid . 



gene sequence as claimed in Claim 9, 
helped gene sequence is carried by a 



wherein 
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11. A replication defective, self-inactivating, 
infectious retroviral vector, comprising an infectious 
virion containing a retrovirus gene sequence, said 
retrovirus gene sequence having a defective 3' U3 region 
rendering said U3 region incapable of promoting 
transcription, and having a defective retrovirus virion 
protein coding portion rendering said retrovirus gene 
sequence unable to form said infectious virion in a host 
cell if suitable virion protein had not been supplied from 
another source. 



1 /6 



7Va. J. 



,^/./is/w/c? /^ats//&4A tzezz, z //i^r jy<?^r//^ 



Z777ZZZZZZ Z7^- ^52 ^ ^ 

^j^V^ <^*e> 



? /V///////77\ 




-CE 



2/6 



\y//\\ I ) 1 1 1 1 1 1 1 1 II Y/////)//V?r 



V/^//////)r - 



'//e'TtaLZZr 

J. 

jP&AT 

TUB = 



i ± 



eggs -tTZ/l/ 



■ it- 



f^f- <&rf 



J 



\ 



- Y//////A ^ 



—ZZTa 



$77777A 



3/6 



1. 



3 



— 



J 

1 .— J 



Tsatt JfJ*Z~^ y styxJT /$>xI^J&SS 72>a/ZT 



L — L 



7 2T 





Ml 




f : I 



4/6 



jr. 



A^>x7 



mi 



££?7 &F7 /?/?s&S?- 
j4yx/7 I 1 



5/6 



/ / 



9 



.4. 




&4 




^ j>a/^ 



6/6 

fZ^.4. 

ziz zzt/?az/i r/i/^ iz^z^ C2AZsr/?<y£r/&/v 



zr^?z 



JttZ£J 

a.: 

i — = zrsz 



yzzza ^sz?# 





t 



ZZ£/?Z/<?AZ 



Zz^Z 

~^/^ rs \ ^z^zazz ^ez/z? 
zzrzdwzwz h z/^z/^/z 



fZ/Zz Z?M 

s^/zr A^zr sfyxi 

zeddM^/VZ 



&ztzzzr zr/zz? 

Z/£/?Z/<2ZZ- 



■ ZZZ/ZSZTZ?/ZZ 
SZ0A//AZ& 

jvjdzs 




~Z?v/<?Kez^ 



-JMIZ.- 



<ZAZkl. 



j <zjZ^zzjz 



INTERNATIONAL SEARCH REPORT 



Internationa) Application No. pep / US 8 9 / 03964 



■ ■ CLASS.riCAT.ON OP SUBJECT MATTEH ,., «.,„., c„„, r , g3 „ on , tmM „ 



^"T'' 0 ""•"»«""•' "•'•»« C...ir,c,Uon (IPC) o, torn N „,o„„ C.a,„r,ca„ 0n ,PC 

IPC(4): C12N 5/00, C12N 15/00 
U.S. CI . ; 435/177.3, 240.2. 320 



Minimum Documentation Searched 7 



U.S. 



Classtrication Symbols 



435/172.3, 240.2, 320, 317.1, 948 

536/27 

935/32 



Documentation Searched other than Minimum Documentation 
to the Eitent that such Documents are Included in the Fields Searched • 



DATABASES: DIALOG (BIOSIS PREVIEWS, 1969-1989, CA SEARCH," 1977-1989) 
USPTO AUTOMATED PATENT SYSTEM (FILE USPAT, 1975-19890. SEE ATTACHMENT. 



111. DOCUMENTS COWSIOCW1D TO St ftf LEVANT • 



Category 



Citation of Document, " with indication, where appropriate, of thm relevant passage* <* 



Relevant to Claim No. ,J 



US, A, 4,650,764 (TEMIN et al.) 

17 March 1987, see the entire document. 

Proceedings of the National Academy of 
Sciences, USA (Washington, USA), Volume 83, 
Issued May 1986, Yu et al., 
"Self- inact i va t ing ret rovi ral vectors 
designed for transfer of whole genes into 
mammalian cells", pages 3194-3198, see the 
entire document. 

Virology (Baltimore, USA), Volume 159, 
Issued 1987, Hu et al., "Generation of com- 
petent virus in the REV helper cell line 
C3", pages 446-449, see the entire document 



1-11 



11 



1-10 



1-11 



Special categories of cited documents: *o 
"A" document defining the general state of the art which is not 
considered to be ol particular relevance 

"t" •«rl<«r document but published on or after the international 
filing date 

•'L" document which may throw doubts on priority daimfs) or 
wh.ch is cited to establish the publication date ol another 
citation or other special reason (as soecified) 

"O" document referring to an oral disclosure, use. sihibition or 
other meant 

"P" document oublished prior to the inter nation*! r.linn data but 
later than (he priority date claimed 



"T** later document published after the international filing date 
or priority date and not in conflict with the application out 
cited to understand the principle or theory underlying the 
invention 

"X" document ol particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step 

"Y** document of particular relevance: the claimed invention 
cannot be considered to involve an inventive iteo whin ma 
document is comomed with one or more other such docu- 
ments, iuch combination being obvious to a oerson sauted 
m the an. 

"A" document member of the same patent family 



IV. CIKT1FICATION 



Oate of the Actual Completion ol the International Search 



Date of Mailing of this International Search Report 



06 December 1989 

International Searching Authority 



Signature of Authorized Officer 

r <0J*. 



INTERNATIONAL SEARCH REPORT 



— International Application No. PPT /TT^PQ / f)7Q£/l 

■■ CL*SS,r,CAT .O„ p, SU..ECT M.TTM „, c , a „ lf ,„„ on , ym60l , aoo „. , nrt ,„,. ^' Ut »»»/"-™»« 



Acco.dmg ,o ln t ., n .„o„„ P alent c.^fica.-on (IPC) or to bo.h Na„on„ Cl.i..fic«*n ,nd IPC 

IPC(4): C12N 5/00, C12N 15/00 
P-S- c l • • 435/172. 3 r 240.2. 3 70 

II flELOS SEARCHED " 



Claisiftcalion System 

U.S. 



Minimum Documentation Searched ' 

Classification Symbols 

435/172.3, 240.2, 320, 317.1, 948~ 

536/27 

935/32 



Documentation Searched other than Minimum Documentation 
to the Eitent that such Oocumenti are Included m the Fields Searched • 



DATABASES : DIALOG (BIOSIS PREVIEWS, 1969-1989, CA SEARCH, 1977-1989) 
USPTO AUTOMATED PATENT SYSTEM (FILE USPAT, 1975-19890. SEE ATTACHMENT. 



Ml. POCUMgMTS CONSIOCBID TO St RELEVANT t 



I Category 1 



Citation of Document. 11 with indication, where a 



ooroprmte. of the relevant passages 



Relevant to Claim No. »i 



IX 

Y 



US, A, 4,650,764 (TEMIN et al.) 

17 March 1987, see the entire document. 

Proceedings of the National Academy of 
Sciences, USA (Washington, USA), Volume 83, 
Issued May 1986, Yu et al., 
"Self- inactivating retroviral vectors 
designed for transfer of whole genes into 
mammalian cells", pages 3194-3198, see the 
entire document. 

Virology (Baltimore, USA), Volume 159, 
Issued 1987, Hu et al., "Generation of com- 
petent virus in the REV helper cell line 
C3" , pages 446-449, see the entire document 



1-11 



11 



1-10 



1-11 



Soecial categories of cited documents: 10 
A" document defm.ng the general state of the art which .t not 
considered to be of particular relevance 

C" earlier document but published on or after the international 
Tiling date 

"L" document which may throw doubts on priority claim(j) or 
which is cited to establish the publication date of another 
citation or other soecial reason (as soeofied) 

"°" document referring to an oral disclosure, use. eirubit.on or 
other meant 

"P" document oublished or. or to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing dale 
or priority date and not in conflict with the application out 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be conndered novel or cannot be considered to 
involve an inventive step 

"Y" document of particular relevance: the claimed invention 
cannot be considered to involve an inventive step wh«n ir*e 
document it comomed with one or more other such docu- 
ments, such comomation being obvious to a oirion sh'ti^o 
<n the art. 

"A" document member of the same oetent family 



IV. CIKT1FICATION 



Oat* of the Actual Completion of the International Sea 



Date of Mailing of this International Starch Report 



06 December 1989 

International Searching Authority 



Signature of Authorutd OfTicar 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

J^flMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
JZJ FADED TEXT OR DRAWING 
W BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



